In this paper, I share the results of a study of teachers' ideas about student decision-making at entry into a professional development program to integrate engineering into their instruction. The framework for the Engineering Design Process (EDP) was based on a Challenge-Based Learning (CBL) model. The EDP embedded within the CBL model suggests teachers should provide opportunities for students to make decisions throughout the design process. The differentiation consolidation decision-making framework was used to understand the decision-making process. Study data was gathered from 16 teacher participants, interviewed and surveyed at entry into the program. The data were analyzed to understand the kinds of decision-making activities the teachers' identified as possible for students to make based on eleven engineering design scenarios and the teachers' current use of, and confidence in applying, lessons that engaged students in decision-making. The results indicated the teachers most frequently identified students that engaged in stage one decisions-making activities, i.e., problem identification and clarification. When the teachers discussed stage two and stage three decision-making activities, they most frequently discussed general problem solving or design process type activities with little differentiation of specific details of how the decision-making was to take place. In addition, in most cases teachers did not mention teaching or supporting student decision-making strategies.
Introduction
We are now into the second decade of the 21st century and education systems are still working to understand exactly what needs to happen for teachers to become confident 21st century teachers. We know that a 21st century education should be a key component in preparing citizens to be active, engaged, and informed decision makers and citizens. If students are to take on this role, they need experience making and implementing decisions of consequence as part of their education. One mechanism suggested to improve decision-making experiences and 21st century skills for students is the instructional strategy Problem-Based Learning (PBL). Cone describes PBL as "an inquiry-based approach to prepare students to be productive citizens in a global society [1] . A PBL strategy is suggested in the A Framework for K-12 Science Education [2] as part of the inclusion of engineering into the science standards. In the Framework, engineering is broadly defined as: "any engagement in a systematic practice of design to achieve solutions to particular human problems" [2] (p. 11). The systematic process of solving problems in engineering is the Engineering Design Process (EDP). The EDP is a systematic way for students to work through the complex problems used to drive PBL activities in the sciences which also integrate mathematics. EDP and PBL, if done correctly, require-students to make decisions about how to proceed as they work towards a design or solution. These instructional strategies hold at their center the ideal of 'student-centered learning', which Gordon, Rogers, Comfort, Gavula, & McGee characterized for PBL instruction as learning where "the learners are responsible for determining their own learning needs and conducting inquiries according to their own personal learning preferences [3] (p. 171)." As such, engineering lessons provide opportunities to determine the kinds of decision-making activities teachers identify for their students.
It is clear the potential for students to learn and practice complex decision-making exists when teachers engage their students in engineering design instruction. However, it is unclear what decisions teachers actually allow their students to make during EDP learning activities. For many teachers, turning decision-making over to students is a challenge. Although it is difficult to find research with an explicit focus on the kinds of decisions teachers are comfortable allowing their students to make, it is implicitly addressed on a regular basis. Teachers' comfort with students as decision-makers is an implied barrier in years of STEM education reform literature [4] . Richardson and Placier's review of the teacher change literature provides ample evidence of teachers' discomfort with student decision-making and the kinds of decisions students should be making [5] . All of this work predates the current emphasis on PBL and EDP. However, as we are pushing teachers to be more open to PBL and EDP instructional strategies, there is little research explicitly designed to understand what teachers believe about empowering students to make important decisions that impact the course of instruction. The research reported takes a step towards this by exploring the questions:
A How confident are teachers implementing lessons that engage students in decision-making activities? B What potential decision-making activities do teachers identify in engineering design lessons?
In the remainder of this chapter, I discuss the essential ideas detailed in past research on teachers' beliefs and how beliefs influence teachers' instructional decisions. I follow this with a more detailed discussion of the decision-making literature and resultant frameworks and processes defined from this work, which informed my analytical framework. I then turn to the specifics of this study including context, participants, methods, results, and findings. Finally, I discuss the implications of the kinds of decisions the science and mathematics teachers believed their students should be allowed to make and what this means for preparing teachers to work in 21st century classrooms.
Theoretical Background

Teachers' Beliefs
The study of teacher beliefs is not a new research area. In 1996, Virginia Richardson reviewed the extensive existing literature on teacher beliefs and its overlap with research on teacher knowledge [6] . In this work, she created the distinction between the knowledge and beliefs teachers bring to their practice. Richardson claimed teacher knowledge must meet a standard of external truth and be understood in relationship to these external standards. Beliefs, however, are not justified by externally accepted standards; rather, individuals seek to internally align their beliefs with each other and hopefully with their practice. However, there is literature that indicates that teachers' beliefs are not always internally consistent, nor are they always aligned with teachers' knowledge statements [7, 8] . We do know that the knowledge and beliefs held by teachers serve to guide their actions in the classroom, and teachers do not necessarily distinguish between when they are acting on their knowledge of teaching or their beliefs about teaching.
The teacher beliefs research has been used to guide and assess teacher professional development activities. Guskey delineated three important aspects to consider: (a) teachers' beliefs affect the actions they take in the classroom; (b) they are difficult to change; and (c) without changing teachers' beliefs it is difficult to change teachers' practices [9] . The teacher belief and teacher change literature served as the theoretical guides to the longitudinal research associated with the PD, which followed the teachers over two years. However, this study, which is only concerned with the teachers' ideas at entry, does not include the teachers' full beliefs about decision-making. Rather, this study considers three components of teachers' beliefs: What do teachers identify as a decision-making activity? Do teachers teach for decision-making? Also, how confident are they in their ability to teach this way?
Decision Making Framework
In this section, I focus on decision-making frameworks. I start by discussing decision-making from the Svenson's [10] work examining the cognitive processes people engage in when they make decisions. I used Svenson's work as my primary guide because it provided a useful organization for understanding the varied kinds of decisions people engage in, and the behaviors people use to make decisions. I then extend this to look at both the how and what of decision-making as Lee & Grace [11] emphasized these two sides of decision-making: 'decision-making as a process', which includes the procedures individuals use to make a decision; and 'decision-making as learning', which includes the abilities individuals need to make a 'good' decision.
Decision-Making as Process
Svenson's research in decision-making forms the basis of our understanding of how people make decisions. Based on his research, which is empirical and literature-based, he proposed the Differentiation and Consolidation Theory (DCT) of human decision-making. The overarching idea of this theory suggests decisions are made in a dual space: the pre-and post-decision. This simply means that when we start to make a decision we predict an outcome, the pre-decision [10] . However, experienced decision-makers are aware that the outcome of a decision, the post-decision, may not match the prediction. So decision-making is a process of considering multiple pre and post alternatives. This engagement in alternatives is an "active process, which involves both the use of decision rules, facts and attractiveness of representations- [10] (p. 144)." Consolidation after a decision is made, involves coming to terms with "the attractiveness of the representation". Said another way, the decision-maker rationalizes correctness of the decision. Details about the activities that take place during the DCT process are outlined in Table 1 .
Svenson [12] also delineated decision levels that address the complexity of thinking needed to make a decision. The levels categorize decisions by the degree and conscious use of rules used in the differentiation stage. The levels range from 1 to 4, with 1 being automatic/unconscious and 4 being complex and involving conscious and active employment of decision rules. A level 4 decision occurs when "the set of decision alternatives is not fixed nor is the set of attributes (on which the aspects [decision rules] are ordered) used to characterize them [12] (p. 255)." PBL and EDP should engage students in level 4 decisions; as such, this study is focused on the decision-making activities needed for a level 4 decision.
With experience people become better decision-makers, and being a better decision-maker is similar to being an effective learner. As better learners ideas, rules, processes, and procedures become automated, prior experiences and knowledge are used to establish and refine decision rules, and complex decisions become simplified into meta-rules, which effectively reduce the number of decisions. Svenson saw decision-making as a systematic search for and evaluation of possible outcomes through the application of rules and criteria [10] . 
Decision-Making as Learning
Svenson [12] argued that much of the research on decision-making focused on level 3 decisions, which are geared towards the development of meta-rules and procedures, rather than level 4 decisions, which are focused on complex problems with no single defined correct answer. Level 4 decisions require the selection of the "best" alternative out of a set of suitable alternatives. In the psychological literature where Svenson was working, he found level 4 decision-making processes were under represented. The closest research base for level 4 decisions was in the socioscientific issues (SSI) literature. This literature also has the benefit of being focused on how students, typically in grades 7-12, engage in decision-making. A limitation of the SSI literature as a model for decision-making as learning is the interference of the emotional intensity typically found in the problem context of SSI lessons. This interference in the decision-making process is discussed below.
In the SSI literature, multiple researchers have found that students do not follow a systematic decision-making process [11, [13] [14] [15] . Students in these cases were more likely to act on intuitive and emotion-based reasoning, rather than on a highly rational, systematic decision-making process [13, 14] . Ullman [16] identified intuitive and rational decision-making depending upon the information students were drawing on to make their decisions. When students made decisions based on intuition or emotion Ullman [16] , considered this as using weak information versus using strong (rational) information. Strong information included data, models, and content knowledge, while weak information included interpersonal relationships, behaviors, and judgments. Although both weak and strong information are important in decision-making, SSI teachers, and in this case teachers using EDP, were looking for students to use strong information, but students were more likely to use weak information.
Across the SSI research, teachers emphasized that they wanted students to learn to make decisions, as well as for the students to learn science through their decisions. In order to accomplish this, the authors provided a variety of 'decision-making templates'. Although there were differences in the templates, overall they were remarkably similar [11, 14, 15, [17] [18] [19] . These templates summarized decision-making into three broad stages, which I have aligned with Svenson's [10, 12] DCT decision-making stages in Table 1 .
In addition to the template mapped to decision-making theory, these ideas map closely to the EDP (for example Wan & Krishnamurty [20] ). Given this overlap, it is clear that integrating engineering into STEM teaching provides teachers with a useful mechanism to develop students' decision-making abilities.
Overall, there is consensus around the importance of both decision-making as a process and decision-making as learning. The decision-making process is adapted to fit the purpose of the decisions being made, whether they are socioscientific issues, designs choices, or personal needs; how we make the decision is vitally important. Enhancing students' decision-making abilities is the most essential component of developing critical thinking skills; one does not exist without the other [21] , and therefore this enhancement should be an intentional educational aim for all teachers.
Methods
This study was part of a larger longitudinal study of the secondary science and mathematics teachers who participated in a two-year professional development focused on integrating engineering into their mathematics or science instruction. This study used the pre-program interview and survey data gathered as part of the larger study. Methodologically, the larger study used qualitative and quantitative data to understand how the teachers' beliefs and practices changed over the two years. However, the research reported here used only the initial (pre-program) interview and survey data. The interview was used to understand what possibilities teachers saw for decision-making in particular engineering instructional activities, whereas the survey asked the teachers to report their confidence with teaching activities where students are engaged in decision-making activities. All the data is reported with descriptive statistics.
Context
The PD program used a Challenge-Based Learning (CBL) [22] framework for the units and lessons the teachers designed. In CBL, the lesson begins with a societal challenge, such as public health or water security, and then the students and teacher collaboratively generate an essential question to address in order to respond to the larger challenge [22] . The essential question becomes the starting point for creating a solution to a more limited but still complex problem, which engaged the students in the use of EDP. In the program description the process was described in the following way: "by synthesizing CBL and EDP, the teachers use the challenge to get students engaged and interested in the program and then guide them to use the EDP to seek out multiple solutions" to meet a design problem [23].
Participants
The teachers who participated in the PD program came from a range of secondary schools including high-income suburban schools, high poverty urban schools, and mixed income rural schools. The teachers self-selected into the PD program by way of a partnership between the school districts and the hosting university. Over the duration of the PD program, approximately 100 teachers participated. From these 100 teachers, 16 volunteered to participate in the research component of the study. Table 2 includes basic information about the research participants who, as a group, represented the full program demographics, with the exception of an overrepresentation of suburban teachers in the research. 
Data Gathering
The data for this study were gathered at the teachers' entry into the program as a baseline understanding of their beliefs and practices. The teachers were surveyed about their current instructional practices at the program orientation. Individual interviews were arranged with each research participant in the week after the program orientation and prior to the start of the program. Interviews were arranged at the convenience of the teachers' and were audiotaped and transcribed by an external company.
The interview followed a set protocol, called the Conceptions of Teacher Engineering (CTE). The CTE used scenarios about potential teaching and learning situations, to which the teachers responded, based on their interpretation of the situation and their beliefs about the roles of the people presented. The protocol was based on Hewson and Hewsons' [24] ) Conceptions of Teaching Science protocol. The Current Instructional Practices survey was a self-report survey about the teachers' use of and confidence with different student-centered instructional practices. The survey was developed specifically for the purpose of the PD program as a measure of change in the teachers' practices and confidence over the course of the PD. For this research, the survey was used to establish the teachers' baseline beliefs and practices only. The survey was sent to an external evaluation consultant to determine content its validity. For the purposes of this study, the survey questions were used as proxy decision-making activities and aligned to pre-decision, differentiation, or consolidation stages.
The survey (see Table 3 in results) used a Likert scale from 1 to 4, with one being never used or not confident and four being used regularly or very confident. Table 4 shows the survey items, aligned to their corresponding decision-making stage. This alignment to decision-making stages allows for a direct comparison of the survey and interview results. 
Data Analysis
The author was solely responsible for data coding and used the framework detailed in Table 2 as the analytical framework for coding the data. The transcripts were initially coded into the broad category of decision stage based on the description of the activity. From there, the decision-making activities were coded a second time into within-stage sub-codes. Decisions that did not immediately code into a specific stage were coded as 0. These were reconsidered after the full data set was coded and moved, if appropriate, to another stage and sub-code, if not left as stage 0. The frequency of each sub-code occurrence across the 16 interviews is reported with the number of participants who mentioned each sub-code and the average frequency for those teachers.
In order to understand the kinds of statements that coded into each stage and sample sub-codes, example statements from the interviews are in Table 4 . Bolded within each quote are the terms that were essential to determining the sub-category. These examples capture the ideas used by the participants, although the specific language varied from person to person. Teacher leading I guess engaging in the process. I mean, they, they do have to follow step-by-step procedure.
Generalized skills I think that's just a way of um, figuring out or strategizing as your way through something.
The survey responses are reported as average scores for the teachers. Although the average scores with such a narrow range of choice does not provide much detail to the understanding of decision-making, two ideas were considered. The first being, how did use and confidence of the different aspects of decision-making compare, and second, how did the use and confidence compare with the teachers beliefs about teaching in the interviews.
It is important to note when comparing the stage 0 decisions that the alignment between the survey (see Table 3 ) and the interview sub-codes do not appear to be a good match. However, what was considered when coding interviews into stage 0 included: (a) Were the students making the decisions or were the decisions being determined by the teacher (at any point in the process)? and (b) Was the statement too open-ended to be able to determine the kinds of processes involved? In the survey, the 0 code was a general statement about students' decision making rather than an indicator of a specific activity in a decision-making stage.
Results
The survey responses indicate that most of the teachers believed at the start of the program that they were not engaging their students in learning activities that offered them practice with decision-making; also, the teachers were not confident in their ability to lead these learning activities. Table 3 below details the average of the scores for the 16 teachers on all questions.
In response to the comparison between the teachers use and confidence with specific practices, in all but three instances the teachers felt more confident in their ability to teach a decision-making activity than to implement such an activity, according to their reports. The three items where the teachers were less confident are essential steps in the differentiation process, which create the rational basis for evaluating possible outcomes. These steps involved deconstructing a decision into the possible alternative outcomes, establishing criteria for evaluating, and then systematically evaluating possible outcomes. Of the five differentiation steps included in the survey, the teachers lacked confidence working with students on clarifying the important competing ideas when making a decision. On the other hand, the activities in which the teachers were more confident in their ability were generally observable activities that engaged students with resources and materials.
Additionally, the teachers believed they engaged their students less often in stage 1 (pre-decision) and in stage 3 (consolidation) activities in decision-making, activities that require students to engage in high-level thinking. This suggests that teachers believe they provide their students with opportunities to practice clear procedural, and observable, steps in making a decision, but are not particularly strong in supporting the students thinking about their internal intellectual processes. The teachers believed they did not make clear to students why they were making the decisions and/or clarifying the potential impact of a decision. Table 5 displays the coded interview data into stages and sub-codes. The table includes the frequencies of coded responses for the decision stage and sub-code, the number of teacher participants coded for each sub-code at least once, and the average sub-code mention per participant based on the total participant population of 16. Table 5 indicates that the teachers believed it was important to spend time engaging their students in stage 1 pre-decision activities, even though this appears to be in conflict with their self-reported confidence for engaging students in problem clarification. Although the overall number of coded comments in stage 2 was higher, this is simply a result of stage 2 being more complex and with more components. The fact that the teachers consistently suggested problem clarification was an important aspect of teaching with engineering and supporting student decision-making is an interesting contrast to their reported teaching practices, and raises questions about how they will handle this during implementation.
Looking specifically within stage 2, it is not surprising this had a high number of references; first, as mentioned above, it includes the most individual steps, but this is also because of the teachers' reliance on having students test solutions. This is a very comfortable teaching activity for science and mathematics teachers, given the disciplines' reliance on empirical testing and modeling to validate ideas and decisions. The teachers' reliance on testing was both supported and contradicted by the teachers' self-reporting in the surveys. The teachers reported frequently engaging their students in planning investigations and providing opportunities for students to explore multiple solution pathways, but at the same time they reported not providing their students with frequent opportunities for them to carry out, evaluate, and refine investigations.
Based on the interviews and the surveys, the teachers believed they did not give their students many opportunities to evaluate or judge the quality of their decisions, nor did they mention supporting students in the pre-requisite activities to effectively judge their decision. The teachers rarely helped students establish criteria from stage 2 allowing them to evaluate their decisions in stage 3. In instances when the teachers mentioned students evaluating and consolidating their decisions, it was through the loose alignment of presenting the information to other stakeholders or peers. They relied on a form of external validation rather than considering internal satisfaction with the decisions made.
Overall, the interviews and surveys suggested the teachers were more familiar with activities in which the students were doing through data gathering and/or the manipulation of materials than they were in working with students on internal and cognitive activities, such as setting criteria and evaluating ideas and outcomes. This suggests that the teachers' believed that students' actions are effective representations of thinking and decision-making.
Implications
This initial exploration into teachers' initial ideas about the opportunities provided for decision-making when teaching with engineering begins an exploration into understanding the impact of adding engineering design into traditional science and mathematics instruction. The Engineering Design Process provides a reasonable mechanism for teachers to enhance students' decision-making, and the newness of this form of instruction provides an opportunity to extend teachers' current practices and focus more explicitly on decision-making. However, in order to capitalize on the addition of engineering to improve student decision-making, we need to understand what teachers identify as a decision-making opportunity so we can build and scaffold the new teaching practice. In this study, the teachers focused on the activities of decision-making in engineering that were different from their current instructions, which consisted of problem identification, outcome evaluation, and refinement. This was not unexpected, as teachers may have had little experiences with EDP at the time of the interview. However, what it does suggest is that teachers believed students' successful engagement in the observable steps of decision-making in the engineering problems meant that students were effectively engaging in non-observable cognitive activities as well. Teachers will struggle to develop these no-observable cognitive activities if they do not identify them and provide specific support for students to master them.
This initial picture of teachers' beliefs is, of course, incomplete, and needs to be extended to understand how the identified activities translate into teaching practices. (After which, as Guskey [9] suggests, we need to understand the impact of the students' performance on the teachers' beliefs as they continue to use engineering design and develop their students' decision-making skills). During implementation, we need to know: Do teachers implicitly accept the idea that their students' external performance is a good proxy for intellectual activities, or do they include explicit instructions for these activities? These are important next steps if we are to consider the inclusion of engineering design as an appropriate mechanism for supporting students learning through decision-making.
Conclusions
In considering the previous literature on teachers' beliefs about student decision-making, the most extensively researched area was in the socioscientific issues literature. Science teachers who used SSIs for their students stressed the importance of their students' ability to learn how to make good decisions, as well as their ability to learn science through their decisions. What is clear from this research is that these secondary STEM teachers were not yet able to articulate this dual role for integrating engineering. Rather, the teachers in this study did not focus on the students learning to make decisions; in fact, they simply replaced decision-making with EDP and focused on whether the students were engaged in the design process. At this early stage of understanding, they did not generalize the engineering design process into a set of beliefs about developing students' decision-making or even specifically encouraging students to be active decision-makers. It will be interesting to see whether these teachers, and others, begin to see the need to systematically support students in learning to make decisions, as well as the need for the explicit value of EDP as a way to engage students in making decisions, as they become more familiar with integrating engineering and EDP into their instruction.
